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Anxiolytic activityHerbal extracts have been reported as alternate therapies for the treatment of psychiatric disorders and its asso-
ciated oxidative stress. In the present study we investigated the phytochemical constituents of Ocimum
gratissimum leaf 70% ethanolic fraction (OGE) by LC-ESI–MS/MS which showed a variety of compounds that
include polyphenols,ﬂavonoids and fatty acids. OGE showed 124.3±5.8mg/g gallic acid equivalents of polyphe-
nols and 25.33 ± 1.8 mg/g catechin equivalents of ﬂavonoids. The antioxidant activity of O. gratissimumwas an-
alyzed by in vitro antioxidant assays such as DPPH, iron chelating, ABTS, nitric oxide and hydroxyl radical
scavenging which showed a potent free radical scavenging activity with IC50 values of 470 ± 28.6, 330 ± 17.4,
133 ± 7.2, 83 ± 4.4, 260 ± 12.7 μg/mL. OGE was checked for its macromolecules such as DNA, protein and
lipidperoxidation damage protective activities. The extract showed 44.8% DNA damage protection against H2O2
induced SH-SY5Y human neuronal cell damage, 80% protection against AAPH induced BSA oxidation and also
showed lipid peroxidation inhibition with an IC50 value of 735± 38.3 μg/mL. O. gratissimum also exhibited a sig-
niﬁcant anxiolytic effect at a dose of 400 mg/kg/b/wt as analyzed by the open ﬁeld and elevated plus maze tests
inmice. Overall our study demonstrates thatO. gratissimum exhibits antioxidant, macromolecule damage protec-
tive and anxiolytic effects.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
In the modern era the increase in work schedule, work commit-
ments and lifestyle associated factors is causing severe psychological
problems to humans. These conditions lead to the development of
anxiety and its associated psychological stress which affects the health
status of individuals. Relaxation from regular workloads and self mo-
tivation along with proper food habits keep away from work stress
associated illness. On the other hand oxidative stress is common
phenomena in several psychiatric diseases. Oxidative stress is the
imbalance between free radicals and antioxidants, which leads to tis-
sue damage. This condition is observed in psychological disorders
like anxiety, depression, neuronal seizures and ischemia (Masood
et al., 2008).
There is an increasing interest in the development of alternative
therapies to treat psychiatric disorders due to the side effects associated
with allopathic drugs. Previous reports demonstrate that several groups
of phytochemicals like polyphenols and ﬂavonoids exhibit an anxiolytic
activity (Vignes et al., 2006; Fernandez et al., 2009). Regular consump-
tion of fruits and vegetables with anxiolytic activities keeps away from
stress and anxiety. Further identiﬁcation and exploration of the herbal91 821 2473468.
m).
hts reserved.extracts and their phytochemical constituents give new insights into
the treatment of anxiety and its associated disorders.
Ocimum gratissimum locally called as Nimma tulasi is widespread in
India and South Africa and also grows across tropical regions of the
globe. It is a traditional herbwith awide array of phytochemical constit-
uents and has been reported for its diverse physiological properties.
Earlier reports showed that O. gratissimum possess a wide range of phy-
tochemicals such as ﬂavonoids, polyphenols and volatile compounds
like eugenol, thymol, and geraniol (Vieira et al., 2001). Its medicinal
uses include vasorelaxation, anti-inﬂammatory, antimycotoxicogenic
and antioxidant activities (Dambolena et al., 2010; Lee et al., 2011;
Costa et al., 2012; Pires et al., 2012). In the present study we aim to in-
vestigate the phytochemical composition of 70% hydroalcoholic leaf
fraction of O. gratissimum and its antioxidative properties, protective
properties against damage on macromolecules such as DNA, protein
and lipids as well as its anxiolytic effects.
2. Materials and methods
2.1. Chemicals and reagents
Dulbecco's Modiﬁed Eagle's Medium:Ham's nutrient mixture F-12
(1:1, DMEM/F-12) and DPPH (2,2-Diphenyl-1-picrylhydrazyl) were
from HIMEDIA (Bangalore, India); fetal bovine serum (FBS), glutamine,
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propionamidine) dihydrochloride) were obtained from Sigma (St Louis,
USA) while ABTS (2,2′-azinobis (3-ethylbenzothiazoline-6-sulfonic
acid) radical), FC (Folin–Ciocalteu) reagent, BHA (Butylhydroxyanisole)
and H2O2 were procured from Merck (Bangalore, India). All the
other chemicals were of analytical grade and procured from Rankem
(Bangalore, India).
2.2. Plant material
The leaf material of O. gratissimumwas identiﬁed by Dr. K. Madhava
Chetty, Botanist, Department of Botany, Sri Venkateswara (S.V.) Uni-
versity, Tirupati, India. The voucher specimen (Herbarium Accession
Number 1082) was deposited in the herbarium, Department of Botany,
S.V. University, Tirupati, India.
2.3. Preparation of O. gratissimum 70% ethanolic extract (OGE)
The leaves were shade dried, ﬁnely powdered and macerated at
room temperaturewith 70% ethanol by keeping the powder and solvent
ratio of 1:10 (w/v). The extraction was continued until the samples
were decolorized and the extracts were pooled and concentrated using
a rotary vacuum evaporator (Rotavac, Schwabach, Germany). The con-
centrate was ﬁnally freeze dried (Lyolab, Hyderabad, cbvIndia) and the
yield was 6.11%.
2.4. Phytochemical analysis
2.4.1. LC-ESI–MS/MS analysis of hydroalcoholic fraction of O. gratissimum
The LC-ESI–MS/MS analysis of 70% ethanolic fraction ofO. gratissimum
was performed on a 6520 Accurate Q-TOF (Agilent Santa Clara, CA)
mass spectrometer coupled to HPLC equipped with a UV–VIS detector.
The column was Zorbax SB C18 Rapid resolution, 4.6 × 150 mm, 3.5 μ
particle size and the conditions were: (A) Formic acid (0.1% v/v) and
10 mM ammonium ﬂuoride and (B) acetonitrile + 0.1% Formic acid;
gradient (in solvent B): (i) 30%, from 0 to 15 min, (ii) 55%, from
15 min, (iii) 95%, from 25 to 45 min, and (iv) 35%, at 45–48 min;
ﬂow rate: 0.2 mL/min; injection volume 5 μL; ESI parameters: Both
negative and positive ion modes; mass range 100–1200 m/z; spray
voltage 4 KV; gas temperature 325 °C; gas ﬂow10 L/min; and nebulizer
40 psi.
2.4.2. Estimation of polyphenols and ﬂavonoids
The total phenolic contents were determined according to the
method of Kujala et al. (2000) with gallic acid as a standard antioxi-
dant. To 3mL of OGE taken in different dilutions, 0.5 mL of FC reagent
was added and the contents were incubated at room temperature for
10 min. To this, 2 mL of 7% Na2CO3 was added and the mixture was
boiled for 1 min. The color intensity was observed at 650 nm using
a spectrophotometer (Shimadzu, Kyoto, Japan). The results were
expressed in mg gallic acid equivalent (GAE)/g extract.
The ﬂavonoid content was determined as described by Delcour and
Varebeke. (1985). One milliliter of diluted OGE in different concentra-
tionswas addedwith 5mLof chromogen reagent (0.1% cinnamaldehyde
solution in a cooledmixture of 75mLmethanol and 25mL concentrated
HCl) and incubated for 10 min. The absorbances of mixtures were
recorded at 640 nm and the total ﬂavonoid contents were expressed
in mg catechin equivalents (CE)/g extract.
2.5. In vitro antioxidant assays
2.5.1. DPPH radical scavenging activity
The DPPH assay was carried as described by Blois (1958). The
DPPH stock solution of 500 μM was prepared with methanol; to
this different concentrations of OGE or butylated hydroxy toluene
(BHT) standard were added. The mixtures were incubated for 30 minand the absorbances were read spectrophotometrically at 517 nm.
The percentage of decolorization was determined and the scavenging
activity of OGE was expressed in terms of IC50 values.
2.5.2. Metal chelating activity
The ferrous ion chelating activity of OGE was estimated according to
Dinis et al. (1994). The OGE/EDTA (standard) in different concentra-
tions was added with 50 μL of 2 mM FeCl2. The reaction was initiated
by the addition of 200 μL of 5mMFerrozine. The contents were incubat-
ed at room temperature for 10 min and the absorbance of the solution
was measured at 562 nm. The metal chelating activity of OGE was
expressed in terms of IC50 values.
2.5.3. ABTS radical scavenging activity
ABTS radical scavenging assay was performed according to the
method of Re et al. (1999). One milliliter of OGE/BHT (standard) in dif-
ferent concentrationswas reactedwith 1mL of ABTS solution. The ABTS
radicals were previously generated by mixing 7 mM ABTS and 2.4 mM
potassium persulfate in equal quantities and allowing them to react
for 12 h at room temperature in the dark. The solution was then diluted
by mixing 1 mL of ABTS reagent with 60 mL of methanol to obtain an
absorbance reading of 0.706 ± 0.001 at 734 nm. After incubation for
6 min the decolorization of the extracts was spectrophotometrically
monitored at 734 nm and the results were expressed in terms of IC50
values.
2.5.4. Nitric oxide (NO) scavenging activity
NO scavenging activity was performed using the Griess reagent [1%
sulfanilamide, 2% H3PO4 and 0.1% N-(1-naphthyl) ethylenediamine
HCl]. Different concentrations of OGE/L-ascorbic acid (standard)
weremixedwith sodium nitroprusside (10mM) in phosphate buffered
saline and incubated at room temperature for 150 min. The same reac-
tion mixture without the sample/standard served as the control. After
incubation, 0.5 mL of Griess reagent was added and the absorbance
was read at 546 nm (Sreejayan and Rao, 1997). The percent scavenging
activity of the nitric oxide generatedwasmeasured and the resultswere
expressed in terms of IC50 values.
2.5.5. Hydroxyl radical scavenging activity
This assaywas employed as described by Kunchandy and Rao (1990).
The Fenton reaction was initiated by 2-deoxy-2-ribose (2.8 mM);
KH2PO4–KOH buffer (20 mM, pH 7.4); FeCl3 (100 μM); EDTA (100 μM);
H2O2 (1.0 mM); and ascorbic acid (100 μM) which generate hydroxyl
radicals (OH•) that degrade DNA deoxyribose, using Fe3+–ascorbate–
EDTA–H2O2. Various concentrations of OGE (0–200 μg/mL)/ascorbic
acid (standard) were mixed with Fenton 2-deoxy-2-ribose reaction
mixture and incubated for 1 h at 37 °C. Then 0.5 mL of the reaction
mixture was added to 1 mL of 2.8% trichloroacetic acid followed by
the addition of 1 mL aqueous thiobarbituric acid (1%) and incubat-
ed at 90 °C for 15 min. The developed colored products were mea-
sured at 532 nm and the results were expressed in terms of IC50
values.
2.6. Macromolecule damage protective activity
2.6.1. Cell culture and treatments
The SH-SY5Y human neuroblastoma cell line was obtained from
the National Centre for Cell Sciences, Pune, India. The cells were cul-
tured in 75 cm2 ﬂasks in DMEM/F-12 media supplemented with 10%
FBS, 2 mM L-glutamine, and antibiotic and antimycotic solution in
a humid atmosphere of 5% CO2 and 95% air at 37 °C. After the
conﬂuency the cells were collected and treated with 100 μM H2O2
for 6 h with and without OGE pretreatment for 2 h. The extent of
H2O2 induced neuronal cell DNA damage and the DNA damage pro-
tective effect of OGE were determined by single cell gel electropho-
resis (SCGE) assay.
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The DNA damage was measured by alkaline comet assay according
to the method of Singh et al. (1988). After treatments, the cells were
collected and mixed with 100 μL of 0.7% (w/v) low melting agarose
(LMA) and pipetted on to the frosted slides which were pre-coated
with 1.0% (w/v) normal melting agarose. After solidiﬁcation of agarose
the slides were covered with another 100 μL of 0.7% (w/v) LMA and
immersed in lysis buffer (2.5 M NaCl, 100 mM EDTA, 10 mM Tris–HCl
buffer, 0.1% SDS and 1% Triton X-100 and 10% DMSO; pH 10.0) for 90
min. Then, the slides were electrophoresed for unwinding in 3 M
NaOH, 10 mM EDTA; pH 13.0 buffer followed by neutralization in 0.4 M
Tris–HCl (pH 7.5) buffer; a ﬂuorescence microscope (Olympus micro-
scope, Japan) equipped with Cool SNAP® Pro color digital camera was
used to take photographs of the gels stained with ethidium bromide.
The tail length and the DNA damage protective activity of OGE were
determined using Image Pro® plus software.
2.6.3. Protein oxidation
The protein oxidation was determined by the reaction of bovine
serum albumin (BSA) with AAPH as described by Mayo et al. (2003).
Brieﬂy, BSA (5 μg) dissolved in phosphate buffer (pH 7.3)was incubated
for 2 h with or without 40 mM AAPH and in the presence or absence of
OGE at 5 and 10 μg/mL. The protein samples were ran on SDS-PAGE
electrophoresis and the gels were stained with 0.15% Coomassie bril-
liant blue R-250. The percentage protein oxidation was quantiﬁed by
measuring the density of each band using Image J software.B
A
Fig. 1. (A) Total ion current (TIC) chromatogram of 70% ethanolic fraction of Ocimum gratissim
Ocimum gratissimum at−ESI mode.2.6.4. Lipid peroxidation
The lipid peroxidation induced by AAPH and the inhibitory effect of
OGE were quantitatively estimated in terms of thiobarbituric acid reac-
tive substances (TBARS) formed in the hepatic tissue homogenate as re-
ported by Wright et al. (1981). Liver tissues were collected from 3 to
4 month old female Wistar albino rats (130 ± 15 g) and washed with
0.95% NaCl solution. Tissue homogenates were prepared in ice-cold
3 mM tris buffer containing 250 mM sucrose and 0.1 mM EDTA
(pH 7.4). The OGE extract/BHA (standard) was mixed with 0.5 mL
liver homogenate (10%, w/v) and the volume was made up to 1 mL
with phosphate buffer (0.1 M, pH 7.4). The radical mediated peroxida-
tion was generated in hepatic tissue homogenates by adding 1 mL of
200 μM AAPH followed by incubation at 37 °C for 2 h. The reaction
was terminated by the addition of 1.0 mL TCA (10%, w/v). Later, 1 mL
of TBA (0.67%, w/v) was added and the reactionmixtures were incubat-
ed in a boiling water bath for 20 min. The samples were centrifuged at
2500 g for 10 min and the amount of malondialdehyde formed was
measured at 535 nm against a reagent blank. The lipid peroxidation in-
hibitory activity of OGE was expressed in terms of IC50 values.
2.7. Anxiolytic experiments in mice
Malemice of Balb/C strain (25± 3.0 g) were selected from the stock
colony, Defence Food Research Laboratory, Mysore, India and housed in
acrylic ﬁber cages in a temperature controlled room (25 ± 2 °C) and
maintained at 12 h light (6 am–6 pm)/dark cycle (6 pm–6 am). Twentyum at +ESI mode. (B) Total ion current (TIC) chromatogram of 70% ethanolic fraction of
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Fig. 2.MS/MS spectra of individual compounds of 70% ethanolic fraction of Ocimum gratissimum.
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groups with six animals in each group.
(I) Control group (normal saline)
(II) O. gratissimum 200 mg/kg/b/wt (body weight)(III) O. gratissimum 400 mg/kg/b/wt
(IV) Diazepam 1 mg/kg/b/wt.
Food and water were provided ad libitum and the animals were
acclimatized for 7 days prior to dosing. The OGE/diazepam was
155M.P. Venuprasad et al. / South African Journal of Botany 92 (2014) 151–158administered by gavage for 7 days. Animal behavioral studies were
carried out according to the guidelines from the Institute Animal
Ethical Committee (IAEC) and Committee for the Purpose of the
Control and Supervision of Experiments on Animals (CPCSEA) NO:
28/IAEC/CPCSEA.
2.7.1. Open ﬁeld test
The open ﬁeld test was carried out in an apparatus consisted of
a brightly lit arena measuring 60 × 20 cm and is divided into 24 equal
squares. The mice were fed with O. gratissimum and Diazepam 60 min
before the start of the test by gavage. The animals were placed in the
center of the apparatus and the locomotor activity was recorded as
the number of line crossings for 5 min (Kulkarni, 2005).
2.7.2. Elevated plus maze test
The elevated plus maze test was carried out in an apparatus
which consists of two open arms 35 × 5 cm crossed with closed
arms 35 × 5× 15 cmwith a central platformmeasuring 5 × 5 cm. The ap-
paratus was elevated from the ﬂoor level to a height of 60 cm. The mice,
with OGE/diazepam treatmentwere placed in the center of themaze, fac-
ing one of the open arms. The animals were observed for 5 min and the
number of entries and time spent in each arm was noted (Lister, 1987).
2.8. Statistical analysis
The in vitro antioxidant assays were performed in triplicate and
standard deviation was expressed. The behavioral experiment results
were analyzed by one-way ANOVA and the signiﬁcance was set at
0.05 and all comparisons were made against the control group.
3. Results and discussion
3.1. Phytochemical analysis
3.1.1. LC-ESI–MS/MS analysis of OGE
The identiﬁcation of phytochemical constituents varies in the same
plant based on its geological distribution, time of collection and part
of the plant material used as well as the extraction procedure. In the
present study by the LC-ESI–MS/MS analysis both by positive and nega-
tive ionmodes, compounds such as sinapic acid, rosmarinic acid,methyl
eugenol, luteolin, apigenin, nepetoidin A, xanthomicrol, nevadensin,
hymenoxin, salvigenin, apigenin 7,4,′-dimethyl ether, palmitic acid,
basilimoside, 2alpha, 3 beta-Dihydroxyolean-12en-28-oic acid, methyl
acetate and oleanolic acid were detected. The +ESI and −ESI chro-
matograms and MS/MS spectra of individual compounds are shown inTable 1
LC-ESI–MS/MS identiﬁcation of metabolites present in 70% ethanolic fraction of Ocimum
gratissimum.
S. No. RT (min) Compound name Formula Mass
1 2.722 Sinapic acid C11H12O5 224.0
2 3.83 Rosmarinic acid C18H16O8 360.0
3 6.357 Methyl eugenol C11H14O2 178.1
4 9.062 Luteolin C15H10O6 286.0
5 12.356 Apigenin C15H10O5 270.0
6 17.336 Nepetoidin A C17H14O6 314.0
7 18.225 Xanthomicrol C18H16O7 344.0
8 18.449 Nevadensin C18H16O7 344.0
9 20.433 Hymenoxin C19H18O8 374.1
10 25.127 Salvigenin C18H16O6 328.0
11 27.456 Apigenin 7,4,′-dimethyl ether C17H14O5 298.0
12 28.354 Palmitic acid C16H32O2 256.24
13 29.123 Basilimoside C36H60O6 588.43
14 29.387 2alpha, 3 beta-Dihydroxyolean-
12en-28-oic acid
C30H48O4 472.35
15 30.553 Methyl acetate C12H22O2 198.16
16 33.6 Oleanolic acid C30H48O3 456.36Figs. 1A, B and 2;whereas the retention time,mass and chemical formu-
las of individual compounds are listed in Table 1.
3.1.2. Polyphenol and ﬂavonoid content
In the present study we observed that OGE possesses 124.3 ±
5.8 mg/g gallic acid equivalents of polyphenols and 25.33 ± 1.8 mg/g
catechin equivalents of ﬂavonoids. Previous reports also suggest that
O. gratissimum is rich in polyphenols such as rosmarinic acid, salvigenin
and trans-ferulic acid and ﬂavonoids such as xanthomicrol, cirsimaritin,
rutin, kaempferol 3-O-rutinoside and vicenin-2, luteolin 5-O-glucoside,
luteolin 7-O-glucoside, apigenin 7-O-glucoside, vitexin, isovitexin, quer-
cetin 3-O-glucoside, cirsimaritin and isothymusin (Grayer et al., 2000;
Costa et al., 2012; Ouyang et al., 2013).
3.2. In vitro antioxidant activity
The antioxidant activity of OGEwas tested by an array of in vitro free
radical scavenging assays. The mode and mechanism of generation of
free radicals and the scavenging activity of herbal extract/compounds
will vary greatly depending on the type of chemicals used for generation
of radicals. Thus OGEwas checked for its DPPH, iron chelating, ABTS, NO
and hydroxyl radical scavenging activities which showed a potent scav-
enging activity with IC50 values of 470 ± 28.6, 330 ± 17.4, 133 ± 7.2,
83 ± 4.4, and 260 ± 12.7 μg/mL respectively (Table 2). The free radical
scavenging activity of OGE is attributed to its hydrogen donation, elec-
tron transfer and nitrite ion reduction reaction mechanisms. The ob-
served radical scavenging activities of OGE are in line with our recent
report which demonstrates the antioxidant activity of Ocimum sanctum
extract (Venuprasad et al., 2013). Earlier studies described the anti-
oxidant activities of bioactive metabolites of O. gratissimum such as
oleanolic acid, nevadensin, rosmarinic acid and eugenol (Lee et al.,
2005; Erkan et al., 2008; Ganapaty et al., 2007; Tsai and Yin, 2008). In
an elegant study Wang et al. (2010) have also demonstrated that
oleanolic acid regulates Nrf2, which is a key transcriptional regulator
of antioxidant and detoxifying enzymes that play a vital role in antioxi-
dant defense against free radicals.
3.3. Macromolecule damage protective activity
3.3.1. DNA damage protective activity
The radical mediated oxidation of DNA has been observed in neuro-
degenerative disorders particularly in Alzheimer's, Parkinson's and
Huntington's disease (Andersen, 2004). Themode of action and severity
of these diseases have been studied using several chemical mimetics
(Swarnkar et al., 2012; HemanthKumar et al., 2013). Several studies
also reported that herbal principles could protect the stress generated
by these chemical agents (Jeon and Lee, 2012; Kumar and Khanum,
2013). In the present investigation we observed that H2O2 induces DNA
damagewhereas OGE 100 (μg/mL) pretreatment showed a 44.8% protec-
tion against H2O2 induced DNA damage of human neuronal cells (Fig. 3).
In an earlier study Ovesná et al. (2006) had demonstrated the protective
effect of oleanolic acid, an active metabolite of O. gratissimum against
H2O2 induced DNA damage in L1210, K562 and HL-60 cells. In our recentTable 2
Estimation of antioxidant and free radical scavenging activities. Values are represented
as means ± SD of triplicate determination.
Assay 70% ethanolic extract
IC50 value (μg/mL)
DPPH 470 ± 28.6
Iron chelating 330 ± 17.4
ABTS 133 ± 7.2
NO scavenging 83 ± 4.4
Hydroxyl radical scavenging 260 ± 12.7
Anti-lipid peroxidation 735 ± 38.3
Control OGE 100 + 100 µM H2O2 100 µM H2O2
44.8
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Fig. 3. (A) Effect of O. gratissimum on DNA damage induced by H2O2 inWBC. Control cells without any treatment (a), DNA damage induced by treatment with 100 μMH2O2 and (b), SH-
SY5Y cells were pre-treatedwith O. gratissimum for 2 h at 100 μg/reaction and inducedwith 100 μMH2O2 (c). (B), tail length (μm): Bars, inhibitory effect of OGE on cell damage: diamond.
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rotundus against 3-morpholinosydnonimine induced human neuronal
cell damage by comet assay (HemanthKumar et al., 2013).
3.3.2. Protein oxidation protective activity of OGE
Oxidation, nitration and carbonylation of proteins have been ob-
served in conditions of diabetics and aging (Ugarte et al., 2010;
Ramesh and Saralakumari, 2012). Phytochemicals and vitamins are
reported to inhibit protein oxidation by their redox homeostasis in
oxidative stress disorders (Ergin et al., 2013). The oxidation of BSA
was induced by AAPHwhich caused the damage of protein as observed
by PAGE whereas the OGE pretreatment signiﬁcantly inhibited BSA
oxidation (Fig. 4). Our observed protein oxidation protective effects of
O. gratissimum are in line with a previous study which also showed
that Tinospora cordifolia exerts protective effects against protein oxida-
tion (Ilaiyaraja and Khanum, 2011).
3.3.3. OGE inhibits lipid peroxidation
The lipid peroxidation was induced in rat hepatocytes by treatment
with AAPH which generates peroxylradicals that mediate peroxidation
of lipids. The lipid peroxidation is observed in conditions of oxidative
stressmediated tissue damage particularly in aging, exhaustive exerciseControl
AAPH
OGE (µg/ml)
5                 10
Fig. 4. The protective effect ofO. gratissimum on AAPH induced protein oxidation of BSA analyze
NIH Image J software.condition and also in neuronal damage (Prasad and Khanum,2012;
Kumar and Khanum, 2013). OGE signiﬁcantly inhibited AAPH induced
hepatic lipid peroxidation with an IC50 value of 735± 38.3 μg/mL. Sev-
eral studies reported that ursolic acid, rosmarinic acid and luteolin ex-
hibit lipid peroxidation inhibitory activity (Balanehru and Nagarajan,
1991; Fadel et al., 2011; Rooban et al., 2012). In the present study we
also found that OGE possesses ursolic acid, rosmarinic acid and luteolin
by the LC-ESI–MS/MS analysis, thus it can be inferred that these com-
pounds might be responsible for the observed lipid peroxidation inhib-
itory activity.
3.4. Anxiolytic activity
Anxiety is a psychiatric disorder characterized by a person's unpleas-
ant behavior and inner turmoil which affects all age groups of people
from children to old age. Several allopathic drugs like benzodiazepines
that non-selectively target GABAa receptors are widely used to treat
anxiety (Rudolph andKnoﬂach, 2011). Several studies illustrated the as-
sociation between antioxidant activity and anti-anxiety activities
(Hovatta et al., 2010; Bouayed, 2011). There are several genes that play
a key role in anxiety among which glyoxalase-1 and glutathione-1 are
the key genes whose expression regulates anxiety (Hovatta et al.,AAPH + + +
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Fig. 5. Anxiolytic activity of O. gratissimum analyzed by behavioral analysis of mice. (A) Open ﬁeld test. (B) Elevated plus maze test. The results were analyzed by one-way ANOVA. Sig-
niﬁcance was set at *p b 0.05 and all comparisons were made against the control group, (n = 6).
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behavioral tests i.e., open ﬁeld test and elevated plus maze test. These
tests differ from each other widely and were used commonly to evalu-
ate the anxiolytic effects of herbal extracts by behavioral analysis of
animals.
3.4.1. Open ﬁeld test
The locomotor activity was assessed by the number of lines crossed
in comparison with control group (mice without any treatment). Mice
fed with O. gratissimum at 200 and 400 mg/kg/b/wt showed a signiﬁ-
cant increase in the number of lines crossed (p b 0.05). The observed
results were similar to that of diazepam treated animals (Fig. 5A). The
open ﬁeld test is routinely used to determine the exploratory activity
of animals. Here we observed a decrease in defecation which is an indi-
cator of emotionality and its reduction can be associatedwith anxiolytic
effects of O. gratissimum administration.
3.4.2. Elevated plus maze test
Mice supplemented with OGE 200 and 400 mg/kg/b/wt spent more
time on the open arms and also showed a signiﬁcant increase (p b 0.05)
in the number of entries into open arms of the plus maze in comparison
with control (Fig. 5B). In elevated plus maze test the observation is
based on the aversion of test animals to open spaces. The increase in
time spent in open arms is considered as an anxiolytic effect and the
same was observed with O. gratissimum treated mice.
The behavioral analysis ofmice demonstrates thatOGE alleviates anx-
iety symptoms. The observed anxiolytic effects are in linewith our earlier
reports that demonstrate the anxiolytic properties of Nardostachys
jatamansi and C. rotundus (Razack and Khanum, 2012; HemanthKumar
et al., 2014). Previous reports also demonstrate that the active metabo-
lites of O. gratissimum such as rosmarinic acid, sinapic acid, apigenin,
luteolin and methyl eugenol exert an anxiolytic activity (Zanoli et al.,
2000; Pereira et al., 2005; Norte et al., 2005; Yoon et al., 2007; Coleta
et al., 2008; Kumar et al., 2008).
4. Conclusions
The present study demonstrates the phytochemical analysis of
O. gratissimum by LC-ESI–MS/MS which revealed the presence of vari-
ous bioactive compounds such as polyphenols, ﬂavonoids and fatty
acids. The antioxidant activity of O. gratissimum was veriﬁed by an
array of in vitro antioxidant assays which exhibited a strong free radical
scavenging activity. OGE showed protective effects against H2O2/AAPH
induced macromolecules such as DNA, protein and lipid damage. Fur-
ther OGE also exhibited anxiolytic effects as analyzed by behavioral
study of mice.
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